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Introduction levels of SAMDC mRNA in the photoinduction were examined. Polyamines (PAs), putrescine (Put), spermidine (Spd), and spermine (Spm) are present ubiquitously in all living organisms. In plants, as well as in animals and bacteria,
Materials and methods
PAs play an essential role in growth and development (Galston and Sawhney, 1990) . SAMDC is considered to Plant material be a key enzyme in the biosynthesis of Spd and Spm.
Seeds of Pharbitis nil (strain Violet) were treated with
The substrate for this enzyme is S-adenosylmethionine concentrated sulphuric acid for 25 min and then washed (SAM ) , and the product is decarboxylated SAM which extensively in running tap water. The washed seeds were germinated in darkness at 25°C for 2 d in vermiculite which provides the aminopropyl moiety required for Spd and had been wetted with tap water. The germinated seeds were Spm biosynthesis from Put. The activity of SAMDC has then transplanted into vermiculite that had been wetted with been shown to be the rate-limiting step for the biosynthesis the standard nutrient solution for Pharbitis nil (Nakayama and of these PAs (Slocum, 1991) . It was reported recently Hashimoto, 1973) . The plants were placed in a growth chamber that SAMDC activity in leaves of Pharbitis nil increased at 22°C under continuous light from fluorescent lamps at a photosynthetic photon flux density, at the top of the plants, of dramatically at lights-on (Hirasawa and Shimada, 1994) subjected to light supplied by fluorescent lamps at a photosynthetic photon flux density, at the top of the plants, of 170 mmol m−2 s−1.
PCR amplifications and DNA sequence analysis Genomic DNA from young leaves of Pharbitis nil as the template of PCR was prepared by alkaline template preparation ( Klimyuk et al., 1993) . A set of primers (5∞-CTGTCTGAGTCGAGCCTCTT-3∞ and 5∞-ACCAGTCAT ACACATCTC-3∞) was synthesized on an Applied Biosystems 392 oligonucleotide synthesizer (Foster City, CA) on the basis of conserved regions of nucleotide sequences in the SAMDC cDNAs of other plant species. The PCR was performed on pieces of leaf tissue in a volume of 100 ml containing 75 pmol of each primer, 0.2 mM of each dNTP, 1.5 mM MgCl 2 , 1×PCR buffer and 5 U of Taq polymerase(Perkin Elmer, Foster City, CA). PCR conditions were 94°C for 3 min of initial denaturation, followed by 35 cycles of 1 min of 94°C denaturation, final 10 min at 72°C elongation. The PCR product was cloned into the Sma I site of pBluescript SK+ vector, and the sequence of the PCR product was determined by the dideoxy chain and deduced amino acid sequences of the PCR product.
termination method (Sanger et al., 1977) .
This region includes a proenzyme cleavage site which is highly conserved in all SAMDC genes (Dresselhaus et al., strongly hybridizing bands were seen. These results showed that at least two or three genes for SAMDC are
Northern blot analysis present. SAMDC gene seems to constitute a small Total RNA was isolated from the leaves of Pharbitis nil using multigene family in Pharbitis nil.
TRI reagent (Gibco-BRL, Eggenstein, Germany) according to the manufacturer's instructions. The RNA (30 mg each lane)
A previous report showed that the photoinduction of was fractionated on a 1.3% agarose gel containing 7.3% SAMDC activity depended on the temperature and formaldehyde, transferred on to a nylon membrane and UV humidity in darkness before lights-on ( Kamachi and cross-linked. Hybridization, using a probe labelled by random Hirasawa, 1995) . This study examined whether the differpriming, was carried out overnight at 55°C in 10 mM ence in the photoinduction of SAMDC activity correlated Na-phosphate buffer (pH 7.0) containing 50% formamide, 6×SSC, 0.2% SDS, 10% dextran sulphate, 1% milk powder, with the change in the levels of SAMDC transcript after and 0.1 mg ml−1 denatured salmon sperm DNA. The nylon lights-on. Five-day-old Pharbitis nil grown under continumembrane was washed in 3×SSC and 0.1% SDS three times ous light were given a dark treatment for 16 h at 25°C at 55°C and exposed to X-ray film with an intensifying screen and high humidity (80-90%) or at 21°C and low humidity at −80°C for 1 d. The blot was stripped with boiling for 5 min (30-40%), and were then transferred to light. The leaves in 0.01% SDS and subsequently rehybridized with Pharbitis rDNA probe (D89869) as a control.
of Pharbitis nil were harvested after different intervals of light exposure and total RNA was isolated from the each leaf. The level of SAMDC mRNA was determined by
Results and discussion
Northern blot analysis ( Fig. 3) . In the case of lights-on after the dark treatment at 25°C and high humidity, no PCR amplification of genomic DNA from Pharbitis nil yielded a product of 363 bp. Figure 1 shows the nucleotide increase in SAMDC mRNA in the leaves was observed.
S-adenosylmethionine decarboxylase gene expression 619
of mRNA are reported on other light-regulated genes (Bowler et al., 1994; Matters and Beale, 1995) . This rapid decline in SAMDC mRNA level might be due to rapid turnover of the mRNA in the light. The activity of SAMDC in the leaves is not induced by light after darkness at 25°C and high humidity, while SAMDC activity increases dramatically at lights-on after darkness at 21°C and low humidity, peaks by 60 min, and subsequently decreases in the light ( Kamachi and Hirasawa, 1995) . The fact that the increased SAMDC activity induced by light is concomitant with changes in the levels of SAMDC mRNA after lights-on indicates that the photoresponse of SAMDC activity is regulated primarily at a transcriptional level. The regulation of the gene expression of SAMDC at the various conditions has been reported for Catharanthus roseus (Schrö der and Schrö der, 1995), potato ( Taylor et al., 1992; Mad Arif et al., 1994), and Tritordeum (Dresselhaus et al., 1996) . Schrö der and Schrö der (1995) have reported that the 5∞ leader sequence of SAMDC transcript of Catharanthus roseus plays a regulatory role in the translation of SAMDC mRNA, and SAMDC proenzyme is processed into the active enzyme at a specific proenzyme cleavage site, which is highly conserved in all SAMDC genes. In several other studies, it has been reported that the SAMDC genes are transcriptionally regulated. Taylor et al. (1992) have shown that the level (1996) have reported that the levels of SAMDC mRNA increased by cutting of leaf segments, and the changes in SAMDC mRNA levels showed a circadian rhythm, having a peak in the middle of the light period, in Hordeum vulgare. The induction of SAMDC mRNA in all these previous studies, however, is not so rapid as the light induction of SAMDC mRNA in Pharbitis nil observed in this study.
It was found that at least 2-3 genes for SAMDC are present in the genome of Pharbitis nil (Fig. 2) . Although the existence of the small maltigene family complicates the analysis of gene expression, at least one SAMDC gene has been highly expressed in leaves exposed to light after the dark treatment for 16 h at 21°C and low Previous work has demonstrated that SAMDC activity then exposed for 5, 10, 15, 30, 45, 60 , and 120 min was analysed by Northern blot analysis, using sam 1 DNA and rDNA as probes.
has a short half-life in leaves of Pharbitis nil (Hirasawa and Shimada, 1994) . In this study, it has been shown that the rapid increase and turnover of SAMDC mRNA In the case of lights-on after the darkness at 21°C and low humidity, the level of mRNA for SAMDC was in response to light could explain the observed photoresponse of SAMDC activity in leaves of Pharbitis nil. The negligible before lights-on, however, it began to increase rapidly within 15 min of light exposure, and peaked by levels of PAs are regulated by PA biosynthesis enzymes; arginine decarboxylase (ADC ), ornithine decarboxylase 45 min. After 60 min of light exposure, the level of SAMDC mRNA decreased. The relatively short half-lives and SAMDC ( Kumar et al., 1997; Walden et al, 1997) .
Spermidine biosynthesis in Saccaromyces cerevisiae.
Though the work is still continuing, the activity of ADC has a marked effect ( Kamachi and Hirasawa, 1995 
